A practical method of determining strength parameters for stability calculation of landslide slope is proposed in which the strength parameters are given by combining the conventional inverse calculation method , which has been frequently used in engineering practice, with the laboratory shear test results . In addition, the authors have newly developed a fully automated reversal direct box shear (RDBS) test apparatus using a high-precision digital servomotor . Test results on ten kinds of clay samples using the new apparatus are presented. Case studies for three sites of landslide which prove the suitability of design strength parameters determined by using the proposed method based on the test data obtained by newly developed RDBS test apparatus are also presented.
. Introduction
) on this conventional method, it is still widely used in practice .
Studies by Saito (1974) and Yamagami et al. (1984 Yamagami et al. ( , 1992 were aiming to overcome the defects of the inverse calculation method. Gibo et al. (1984, 1987) proposed a method to obtain average strength mobilized along the slip surface by taking into account of the type of landslide and by introducing the residual factor R proposed by Skempton (1964) Combining above equation with Eqs. (2), (7) and (8), we obtain the following equation.
Peak strength parameters for normal consolidation state
Application of the following relationship to the Eqs. (8) and (12) gives following Eqs. (13) and (14). failure criterion has been widely recognized from the theoretical point of view, but it has not been used in engineering practice due to the difficulty of determining the strength parameters in the failure criterion. Eq.
(17) also states that Hvorslev's effective angle of shear resistance may be obtained from the procedure obtaining the residual state angle of shear resistance. 2. 1.6 Change of strength parameters as a function of OCR As shown above, strength parameters for peak state, fully softened state and residual state are given by the combination of Eqs. (8) and (12) and (12') ,
gives the strength parameters for fully softened state of normally consolidated clay as Eqs. (13' ) and (14'). Fig . 4 schematically illustrates the change of strength parameters of clay on the landslide slip surface from the peak state to the residual state as a function of OCR due to effective stress change. The change from the peak state to the fully softened state can be expressed by Eqs. (8) and (12) 
1 Test apparatus
The present authors have newly developed a highprecision full automated reversal direct box shear (RDBS) test apparatus using a digital servo motor for shear force loading. It is made up of a main unit of the apparatus, a personal computer, a motor driver box and measuring instruments. Fig. 7 gives an overview of the apparatus, which is able to measure the strengths of cohesive soils corresponding to "peak" state for undisturbed samples, and "fully softened" and 3) The opening between the upper and lower shear box can be set arbitrarily by using gap spacer. 
